The objective of this study is to develop of an inventory policy for deteriorating items, in which demand for the products is stock dependent and the retailer invests in preservation technology to reduce the rate of product deterioration. In many real-life situations, for certain types of consumer goods, the consumption rate is sometimes influenced by the stock-level. It is usually observed that a large pile of goods on a shelf in a supermarket will lead the customer to buy more and then generate higher demand. The consumption rate may go up or down with the onhand stock level. This paper is developed with the realistic conditions of demand, allowable credit period, partial backlogging and variable ordering cost. A solution procedure is given to find the optimal preservation technology cost and total cost of the system. A numerical example and sensitivity analysis are presented to illustrate the model.
Introduction
In today's era of globalization the displayed stock level is a promotional tool to increase the revenue. Many evidences indicate that the presence of a larger quantity of sales items displayed may absorb more customers. This shows that the demand may have a positive correlation with stock level. In many real-life circumstances, for certain kinds of consumer goods, the consumption rate is sometimes affected by the stock-level. Large amounts of consumer goods displayed in a supermarket are normally associated with on sale items to create more sales and profits. However, low stocks of certain baked products might raise the impression that they are not fresh. For instance, if someone intends to buy any fashion garment and got a limited stock then the probability of sale will decrease and on other side if the shopkeeper has the enough stock to display, then demand will increase. Taking into consideration Singh and Singh (2008) presented an inventory model for decaying items with stock-dependent demand under inflation in a supply chain and find the optimal ordering quantity. Singh et al. (2010) introduced an inventory replenishment policy for non-instantaneous deteriorating items with stock-dependent demand and partial backlogging under inflationary environment. Singh and Singh (2012) developed an economic production quantity (EPQ) model with power form stock dependent demand under inflationary environment using genetic algorithm. Tyagi et al. (2014) came forward with an optimal replenishment policy for non-instantaneous deteriorating items with stock dependent demand and variable holding cost. An inventory system with multi variate demand under volume flexibility and learning was presented by Singhal and Singh (2015) .
During the last decade, many researchers worked on the inventory model with the assumptions that the products have infinite life time, but this does not hold in real-world circumstances. Most of all products are observed to be deteriorating in nature. The quality and quantity of the product may decrease with the increment in time during a time horizon. So after this observation many researchers worked on the inventory models for deteriorating items. Moon et al. (2005) developed an economic order quantity models for ameliorating/deteriorating items under inflation and time discounting. Yang et al. (2010) introduced an inventory model under inflation for deteriorating items with stock-dependent consumption rate and partial backlogging of occurring shortages. Chang et al. (2010) developed an inventory model with stock and price dependent demand rate for deteriorating items based on limited shelf space. Goyal et al. (2013) presented an EPQ model with stock dependent demand and time varying deterioration with shortages under inflationary environment. presented a multi item inventory model for deteriorating items with expiration date and allowable shortages. presented an analysis of three level supply chain of inventory with deterioration for multi items. also introduced an inventory model for deteriorating item with space constraints. Singh and Rathore (2014) developed an inventory model for deteriorating item with reliability consideration and trade credit. Jaggi et al. (2015) come forward with two-warehouse inventory model for deteriorating items with price sensitive demand and partially backlogged shortages under inflationary environment conditions. After that Tayal et al. (2015) presented a production inventory framework for non-instantaneous deteriorating items with time dependent holding cost and exponential demand rate. Since there are so many products which maintain their quality for a fix period of time and after that it begins to deteriorate. In the development of inventory models it was assumed that deterioration of the products is non-controllable, but preservation is that technique from which the deterioration can be controlled up to a certain limit. presented an inventory policy for deteriorating inventory in which preservation technology was used for the reduction of existing rate of deterioration. An inventory model for deteriorating items with seasonal products and an option of an alternative market was presented by . In this paper, to prevent the cost of deterioration and holding stock, after some time, the remaining stock is transferred to an alternative market.
Traditionally, in inventory modeling, it was assumed that the retailer has to pay the supplier instantly, at the time, he/she receives the stock. But generally, the supplier considers a certain time period to the retailer to pay all the dues. During this credit period the retailer may begin to accumulate revenues on the sales and earn interest on that revenue, but beyond this period, the supplier charges interest on unpaid balance. Thus, this time period allowed by the supplier to the retailer, works as a promotional tool to encourage the business. Kumar and Singh (2009) introduced a two warehouse inventory model with stock dependent demand for deteriorating items with shortages. Singh and Sharma (2014) developed an optimal trade-credit policy for perishable items deeming imperfect production and stock dependent demand. Tayal et al. (2015) also introduced an integrated production inventory model for perishable products with trade credit period and investment in preservation technology. Shastri et al. (2014) presented a supply chain management for two level trade credit financing with selling price dependent demand under the effect of preservation technology.
Further, in most of all developed models in inventory, the primary assumption is that during stock out the occurring shortages are either completely lost or completely backlogged, but this is not realistic. During stock-out some customers may go to others to make their purchases and some other customers come back at the arrival of stock, which term is known as partial backlogging. Bhunia and Maiti (1997) developed a deterministic inventory replenishment problem for deteriorating items with time dependent demand and shortages for the finite time horizon. Chern et al. (2008) presented partial backlogging inventory lot-size models for deteriorating items with fluctuating demand under inflation. Shukla et al. (2013) introduced an inventory model for deteriorating items with exponential demand rate and shortages. Kumar et al. (2013) presented a learning effect on an inventory model with two level storage and partial backlogging under inflation. Models of inventory management contain different parameters. An issue is observable in the classical models which can be associated with the determination of the quantity of the economic order and the quantity of the economic production. In these models, the ordering cost is treated as a constant cost per order. This matter causes the quantity of the economic ordering in the classic model to have some differences in comparison with the real-world conditions. Pattnaik (2013) presented an instantaneous economic order quantity (EOQ) model for deteriorating items incorporated with promotional effort cost, variable ordering cost.
In the present study, we tried to merge all above mentioned factors into a single problem. The whole environment of business dealings has been assumed, which conforms to the practical market situations. The supplier allows a permissible delay period to the retailer to pay all the dues. Considering the real life situations ordering cost is also taken as time dependent. Here the retailer invests on preservation expenses, to reduce the rate of deterioration. However, there is a constraint up to which deterioration rate can be reduced; hence an upper bound is also involved.
Assumptions and Notations

Assumptions
The following assumptions are used in the development of this model.
1. The demand for the product follows a function of available stock at that time and is given by: D(t) = (a+bIb1(t)) 2. Due to impatient customers the demand during stock out is partially lost. 3. The backlogged demand is satisfied first at the arrival of next lot. 4. The products are deteriorating in nature. 5. There is no replacement of deteriorated items. 6. A preservation technology cost is applied to reduce the existing rate of deterioration. 7. The supplier allows a permissible delay period M to the retailer to settle the account during which the supplier does not charge any interest. 8. The ordering cost is treated as an increasing function of time.
8. The reduced deterioration rate is a function of the preservation technology cost ζ such that, 
Mathematical Model
In this section, we have developed a mathematical inventory model for the products having stock dependent demand. The inventory system during a given cycle is depicted in Fig. 1 . The inventory cycle starts at t=0 with an initial stock of Q units of items. From t=0 to t =t1, the inventory depletes due to combined effect of demand and deterioration. After this the shortages occurs and the occurring demand during shortages are partially backlogged and this process is goes on.
with boundary conditions:
The solutions of these equations are given by: H
(ii) Deterioration Cost:
(iii) Ordering Cost:
(iv) Shortage Cost:
(v) Lost Sale Cost:
Now based on the permissible delay period allowed to retailer two cases arises: Case 1: 
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In this case, the retailer deposits all the income in an interest bearing account, 
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In this case the retailer has enough money to pay all dues to the vendor at t=M, so:
In this case we will discuss the both above mentioned conditions based on the available total capital to the retailer as follows,
In this case the total available capital to the retailer is enough to pay to the vendor at t=M, So I.C2.1 =0 (2.2) When
In this case the retailer has not enough money. So he has to pay interest on unpaid balance. Unpaid balance (U1) = cQ-(pD(0,M)+I.E2)
So the interest charged in this case will be: 
Numerical Analysis
The model can be illustrated by the given numerical example for which the system parameters are as follows.
Case 1: When
a=200 units, b=0.05, x=0.01, K=0.01, h=0.5 Rs/unit, d=4 Rs/unit, M=45 days, l=8Rs/unit, θ=0.7, s=6 Rs/unit, T=50 days, Ie=0.01%, p=30 Rs/unit, β1=0.02, β2=0.025
For these values the optimal value of preservation technology cost (ξ) and critical point (t1) comes out to be Rs. 35.5791 and 29.7055 days respectively and corresponding to these the minimum total average cost is Rs. 49.4747. Case 2: When
Here we will discuss only the subcase (2.1) when pD(0,M) + I.E2 < cQ: a=200 units, b=0.05, x=0.01, K=0.01, h=0.5 Rs/unit, d=4 Rs/unit, M=45 days, l=8Rs/unit, θ=0.7, s=6 Rs/unit, T=50 days, Ie=0.01%, Ic=0.02%, p=30 Rs/unit, β1=0.02, β2=0.025 For these values the optimal value of preservation technology cost (ξ) and critical point (t1) comes out to be Rs. 40.8838 and 49.4342 days respectively and corresponding to these the minimum total average cost is Rs. 40.8838.
Sensitivity Analysis
Sensitivity analysis is carried out with respect to different system parameters. 
Case 1: When M ≥ t1
Observations
1. From Table 1 we observe that with the increment in demand parameter (a) T.A.C. decreases.
2. In Table 6 , with the increment in demand parameter (a), T.A.C. increases for the second case of allowable credit period.
3. Table 2 and Table 7 show the variation in demand parameter (b) and other variables unchanged; from Table 2 we observe that as the value of b increases T.A.C. decreases, and from Table 6 it is observed that with the increment in b, T.A.C. increases up to a fix point and after that it begins to decrease.
4. Table 3 and Table 8 represent the variation in coefficient x, in this as the value of x increases, T.A.C. also increases.
5. Table 4 and Table 9 show the variation in deterioration rate K in different cases, it is observed that with the increment in deterioration rate K, T.A.C. of the system increases in both the cases.
6. From Table 5 and Table 10 , we observe the behavior of T.A.C. with the increment in backlogging rate (θ), as the value of backlogging rate increases T.A.C. decreases in first case and shows the reverse effect in second case.
Conclusion
In this paper we have studied an inventory model, in which demand is stock dependent, and the supplier allows a certain period to the retailer to pay all the dues, during which no interest is charged. Different cases of allowable credit period are discussed. The main contribution of this paper has been the development of a dynamic heuristic to determine the optimal preservation cost, shortage period and optimal total cost under the environment of trade credit and variable ordering cost in which the products are deteriorating in nature and demand is stock dependent. In totality, the setup that has been chosen boasts of uniqueness in terms of the conditions under which the model has been developed.
A numerical assessment of the theoretical model has been done to illustrate the theory. The solution obtained has also been checked for sensitivity. The model developed here may further be extended for more conditions of permissible delay, demand, deterioration and time value of money.
